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ApsTracT.—Ring-billed (Larus delawarensis) and California Gulls (L. californicus) have been implicated in depreda-
tions on migrating salmon smolt in the Columbia River. As part of a gull management program conducted in 1995 and
1996, we collected L. delawarensis (n = 120) and L. californicus (n = 45) near Priest Rapids Dam, Washington, and ana-
lyzed stomach contents to determine food habits and thus the importance of fish in gull diets. Percent volume measure-
ments and index of relative importance rankings suggested a greater reliance on fish by L. californicus than by L.
delawarensis. Peak percent consumption of fish by both species occurred in May, coinciding with peak salmon out-
migration through Priest Rapids Dam; and for both species number of fish consumed by gulls was higher below Priest
Rapids Dam. Gulls collected prior to, and after, peak smolt migration indicated low importance rankings for fish in both
L. delawarensis and L. californicus diets. However, the importance ranking of fish in gull diets changed over time and
was higher for both species as the smolt migration peaked in May.
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salmon migration, salmon smolt.

The Columbia River was once known for
having some of the world’s largest runs of
anadromous salmon. Fish runs that historically
numbered 10-16 million have been severely
reduced (Groen 1992). These decreases in
salmon have been attributed to a number of
factors including overfishing at sea and on the
river, development, dams, fish disease, and
predation by fish and birds; but the impact of
each of these factors, especially losses to birds
such as gulls, is not well documented (Rug-
gerone 1986).

Salmon smolt migration begins around
early April from upper portions of the Colum-
bia River, and numbers peak at Priest Rapids
Dam from late April through May. The timing
of this migration corresponds with the initia-
tion of Ring-billed (Larus delawarensis) and
California Gull (L. californicus) nesting on
Columbia River islands. Cabin Island, located
1.5 km upstream of Priest Rapids Dam, had an
estimated breeding population of 7000 L.
delawarensis and 200 L. californicus. In addi-
tion, an aerial survey conducted June 1995
along the Columbia River from Chief Joseph
Dam south to the Dalles Dam (9 dams and
310 km of river) found that gulls occupied 17

Columbia River islands. Gull populations on 5
of the 17 islands were estimated at 35,000
breeding adults (C. Yoder 1995 unpublished
data).

Ruggerone (1986) reported juvenile salmon-
ids being vulnerable to avian predation imme-
diately below Columbia River dams because
of the disorienting and stunning effect of pass-
ing through a turbine and currents carrying
fish close to the surface. His data indicated L.
delawarensis consumed approximately 120,000
migrating juvenile salmonids during a 25-d
smolt-migration period at Wanapum Dam
(approximately 24 km wupstream of Priest
Rapids Dam), representing 2% of the total
hatchery-reared and wild salmon spring out-
migration. It has been estimated that 17% of
migrants are killed by dam turbines indepen-
dent of gull predation (McKenzie et al. 1984,
Ruggerone 1986).

We collected L. delawarensis and L. califor-
nicus during the peak of salmon smolt migra-
tion at Priest Rapids Dam, Desert Aire, Wash-
ington, and at the nesting colony on Cabin
Island. Cabin Island is 30 ha with approxi-
mately 4 ha used by L. delawarensis and L. cal-
ifornicus as a loafing/nesting area. Collections
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were made to quantify the relative importance
of salmon smolt in the diet of these 2 gull
species during salmon smolt migration.

METHODS

We collected gulls on 19 April, 5 May, and
13 June 1995 from the breeding colony on
Cabin Island and on 7 and 21 May 1996 below
Priest Rapids Dam. We categorized sample
dates according to nesting stage: 19 April,
prenesting; 5-25 May, nesting; and 13 June,
postnesting. Gulls were frozen within 4 h of
collection. In the laboratory each carcass was
weighed to the nearest 0.1 kg and aged as
adult or juvenile according to plumage charac-
teristics. We removed the stomach-esophageal
contents from each gull and placed them in
isopropyl alcohol.

Stomach-esophageal contents were flushed
onto a 40-gauge wire screen. Contents were
washed with water to remove mucus and to
separate food items, and then drained. Total
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volume of each food category per sample was
measured to the nearest 0.5 mL by water dis-
placement in a 100-mL graduated cylinder.
For each sample we recorded total number of
individuals, volume of each category (i.e., fish,
grain, insect, mammal, earthworm, herba-
ceous plant matter, and miscellaneous debris),
collection site, and collection date (Jarvis and
Southern 1976). We used the index of relative
importance (IRI) to create tables indicating
relative importance of various food items
(Pinkas et al. 1971), which reduced biases
introduced by numerous small or a few very
large items occurring in only 1 or a few stom-
achs (Duffy and Jackson 1986).

RESULTS

Cabin Island Samples

Larus delawarensis (n = 77) and L. califor-
nicus (n = 22) stomach contents indicated diet
varied as the breeding season progressed, with
herbaceous plant matter consistently ranking

TABLE 1. Percent frequency? (F) and volume in mL (V) of most common food items in Ring-billed (Larus delawarensis)
and California Gull (L. californicus) stomachs collected on Cabin Island, Washington, 1995.

Sample dates 19 April 1995 5 May 1995 25 May 1995 13 June 1995
No. individuals nRB = 16, nCG = 4 nkB =18, nCG =5 nRB = 29 nCCG =13 nRB = 2]
F v F \% F A\ F \%
Fish
RB 0 0 22 4 5 te 0 0
CG 25 t 2 13 31 54
Grain
RB 6 t 6 t 14 13 29 4
CcG 25 0.5 0 0 0 0
Insect
RB 25 t 28 0.6 73 15 29 47
CG 0 0 0 0 8 t
Mammal
RB 6 0.5 6 49 9 45 5 0.5
CG 0 0 0 0 0 0
Earthworm
RB 0 0 11 6 0 0 5 0.5
CcG 0 0 0 0 0 0
Herbaceous plant
matter
RB 93 87 78 35 86 25 86 35
CG 50 82 80 41 77 44
Miscellaneous
debrisd
RB 81 12 72 5 23 2 57 13
CG 75 17 80 46 77 2

aNmber of gulls with food item divided by total sample size
bNo California gulls collected on this date

CTrace volumes and nurobers less than 0.5 mL
dUnidentifiable or nonfood items

RBRing-billed Gull

CGCalifornia Gull
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among the more important food items. Collec-
tions made on 19 April 1995 found no fish in
L. delawarensis samples and only a trace vol-
ume in L. californicus (IRI = 4; Table 3). On 5
May, L. delawarensis samples contained small
amounts of fish (4% volume, IRI = 5) as did L.
californicus samples (13% volume, IRI = 3;
Table 3). On 25 May, L. delawarensis samples
contained only a trace volume of fish (IRI =
10), but we found a much larger amount in L.
californicus samples (54% volume, IRI = 3;
Tables 1, 3). On 13 June, L. delawarensis sam-
ples contained no fish (Table 1), and no L. cali-
fornicus were present in the collection area
during this time.

Priest Rapids Dam Samples

We found an increase in fish consumption
from L. delawarensis (n = 43) and L. californi-
cus (n = 23) collected below Priest Rapids
Dam compared to those from Cabin Island.
Oun 7 May 1996, L. delawarensis and L. cali-
fornicus samples contained fish (26% volume,
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IRI = 4 and 65% volume, TRI = 1, respec-
tively; Tables 2, 4). On 21 May, L. delawaren-
sis samples contained 41% volume of fish (IRI
= 2), and L. californicus samples contained an

even larger amount of fish (85% volume, IRI
= 1; Tables 2, 4).

DiscussioN

Percent-volume measurements and index
of relative importance rankings suggest a
greater reliance on the fish resource by L. cal-
ifornicus than by L. delawarensis for both
sampling locations and all sampling dates.
Peak percent consumption of fish by both
species occurred in May, coinciding with peak
salmon out-migration through Priest Rapids
Dam. The number of fish consumed by gulls
was higher below Priest Rapids Dam for both
species. 'This result would be expected
because gulls below the dam are almost exclu-
sively feeding on fish, whereas gulls collected
at Cabin Island could have recently returned

TABLE 2. Percent frequency? (F) and volume in mL (V) of most common food items in Ring-billed (Larus delawarensis)
and California Gull (L. californicus) stomachs collected below Priest Rapids Dam, Washington, 1996.

Sample dates 7 May 1996 21 May 1996
(nesting) (nesting)
No. individuals nBRB = 2] nCG =17 nRB = 92 nCG =46
F A% F A%
Fish
RB 43 26 50 41
CG 65 65 83 85
Grain
RB 29 26 9 th
CG 6 0 0 0
Insect
RB 67 15 36 2
CG 41 2 33 t
Mammal
RB 5 t 0 0
CG 6 0.5 0 0
Earthworm
RB 0 0 0 0
CG 12 1 0 0
Herbaceous plant
matter
RB 81 31 59 55
CG 88 21 83 15
Miscellaneous
debrise
RB 33 3 23 2
CG 65 10 5 t

aNumber of gulls with food item divided by total sample size
race volumes and numbers less than 0.5 mL
¢Unidentifiable or nonfood items

EBRing-hilled Gull

CGCalifornia Gull
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TaBLE 3. Index of relative importance (IRI) = (N + V) X F on Cabin Island, Washington, 1995, of individual prey
items of Ring-billed (Larus delawarensis) and California Gulls (L. californicus). Shown are importance rankings of 7 food

categories and (IRI values).

Sample
date Fish Grain Insect Mammal Earthworm Plant? MiscellaneousP
19 AprkB 5 3 4 1 2
©) (s) (450) @1) ) (11346) (4050)
19 AprCG 4 3 1 2
(360) (363) (0) 0) (0) (5550) (4500)
5 MayRB 5 7 3 4 6 1 2
(3087 as) (381) (312) az1) (6162) (2736)
5 MayCG 3 1 2
(48) () ©) 0) (0) (6800) (7200)
25 MayRB 6 5 2 3 1 4
(10) (280) (3650) (441) ) (5676) (299)
25 MayCG 3 4 1 2
(2170) (04 (32) ©0) o)1 (6468)2 (3234)
13 JuneBkB 4 3 5.5 5.5 1 2
(522)3 (1769) 13) 13) (6536) (2280)

2Herbaceous plant matter
bUnidentifiable or nonfood items
CCRing-billed Gulls
RBCalifornia Gulls

N = percentage by number of prey of type [
V = percentage by volume of prey of type I
F = frequency of occurrence of prey of type [

TaBLE 4. Index of relative importance (IRI;)) = (N + V) X F below Priest Rapids Dam, Washington, 1996, of individual
prey items of Ring-billed (Larus delawarensis) and California Gulls (L. californicus). Shown are importance rankings of 7

food categories, and (IRI values).

Sample
date Fish Grain Insect Mammal Earthworm Plant2 Miscellaneousb
7 MayRB 4 3 2 1 5
(849) (1073) (2747) ©) ) (5103) (594)
7 MayC6 1 6 4 7 5 2 3
(5720) (12) (697) (15) (60) (4576) (2145)
21 MayRB 2 5 3 1 4
(3450) (45) (828) ) 0) (5192) (345)
21 MayCG 1 3 2 4
(9794) 0) (429) 0) (0) (3984) (100)

2Herbaceous plant matter
bUnidentifiable or nonfood items
CCRing-hilled Gulls

N = percentage by number of prey of type I
V = percentage by volume of prey of type I
F = frequency of occurrence of prey of type [

RBCalifornia Gulls

from terrestrial foraging forays. Gulls col-
lected prior to, and after, peak smolt migration
indicated low overall importance of fish in L.
delawarensis and L. californicus diets. How-
ever, the importance ranking of fish in gull
diets changed over time and was higher for
both species as the smolt migration peaked in
May. The reason for greater use of fish by L.
cdlifornicus versus L. delawarensis is presently
unknown and should be the focus of future
research. However, the 35:1 ratio of breeding
L. delawarensis to L. californicus on Cabin
Island suggests the former consumed the
majority of salmon smolts even though their
diets were more diverse than L. californicus

diets. A study comparing L. californicus and L.
delawarensis food habits in Alberta, Canada,
reported fish also occurring more frequently
in L. californicus samples (Vermeer 1970). The
L. californicus diet was characterized by a
heavy reliance on plant matter and fish, but
the L. delawarensis diet was more varied and
contained large volumes of several food items.
In addition to plant matter, grain, insects, and
mammals consistently occurred more fre-
quently and in greater volumes in L. dela-
warensis samples, indicating a preference for
terrestrial foraging habitat. Reliance on plant
foods by both species early in the season, fol-
lowed by a switch to animal foods as the
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breeding season progressed, was also docu-
mented in Alberta and the Great Lakes and
was presumed to indicate opportunistic feed-
ing habits (Vermeer 1970, Jarvis and Southern
1976).

Although only a small percentage (2%) of
total migrating salmon smolt were eaten by
gulls, and of this amount a certain number
(17%) were recently killed by dam turbines,
the cumulative impact of gull predation on
salmon populations at each of the 9 Columbia
River dams and 4 Snake River dams is sub-
stantial, especially in combination with other
negative impacts on Columbia River salmon
(e.g., passage through turbines, nitrogen super-
saturation, migration delays, and disease [Rug-
gerone 1986]). Management actions at Cabin
Island to disperse gull nesting greater dis-
tances from hatchery release points, as well as
active gull hazing below Priest Rapids Dam,
should continue so as to provide disoriented
smolts an opportunity to recuperate and con-
tinue their migration. In addition, monitoring
population changes in L. delawarensis and L.
californicus at Cabin Island could provide fur-
ther information on foraging competition
between these two species.
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